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SUMMARY 


In an effort to standardize atmosphere models used in Mars 
mission analyses and thus facilitate interpretation of such 
analyses, tentative engineering models for the Mars atmosphere 
are proposed. The emphasis here is on the entry aspect of the 
mission. Three models having pressures at the planet’s surface 
of 10, 25, and I4.0 mb are presented in both tabular and graphic 
form. An atmosphere model for use in terminal descent calculations 
is also presented. The atmosphere models are presented in both 
english and metric units in terms of eight variables as a function 
of altitude. These model atmospheres are based, insofar as 
possible, on experimentally obtained data and are not envelopes 
drawn around existing models of the Mars atmosphere. 
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INTRODUCTION 


Uncertainties in the structure and chemical composition of 
the Mars atmosphere present a problem of growing importance in 
Mars mission analyses. Lack of definitive data has permitted 
construction of numerous equally plausible models of the atmos- 
phere. As a result, various analyses of entry into the Mars 
atmosphere are often based upon widely differing atmosphere 
models. Since it is well known that important results of such 
analyses, e.g., heating, loads, landing techniques, are 
functions of the atmosphere structure and composition, inter- 
pretation of the results and comparison with results of other 
analyses are often clouded by the choice of atmosphere. 

Obviously additional observations and direct measurements 
of the Mars atmosphere are badly needed to define the structure 
and composition with accuracy. Such data are required for 
intelligent interpretation and refinement of mission analyses and, 
ultimately, for the design of vehicles to enter the Mars atmos- 
phere. Unfortunately, acquisition of the required observations 
takes time. Until better scientific data become available, 
considerable benefit can be derived from standardizing on 
certain atmosphere models for entry analyses. 

It is the purpose of this report to present three tentative 
models - a maximum, a minimum, and a mean. An atmosphere model 
for terminal descent calculations is also presented in Appendix D. 
It is not the intent to present new scientific models of the 
Mars atmosphere, but rather to present reasonable standardized 
models which will be useful in engineering studies. 
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DEVELOPMENT OF ENGINEERING MODELS 


Atmosphere Parameters Important in Entry Analysis 


Before establishing atmosphere parameters important in entry 
analysis, it is instructive to examine some of the current models 
of the Mars atmosphere. Twelve current atmosphere models are 
shown in Figure 1. Although this is not a comprehensive pre- 
sentation of all existing models of the Mars atmosphere, it is 
representative and demonstrates the extremely wide differences 
in temperature, pressure, density, and composition for the various 
models. Each of these parameters has an influence on the Mars 
mission; however, certain of them may exert a critical influence 
and thus deserve special attention. For example: 

1. The density structure (or density scale height 
which is an increment in altitude required to 
produce a change in density by a factor of e) is 
important in determining the heating experienced 
by the entry body. Scale height also strongly 
influences the entry . guidance requirements and 
the entry loads. 

2. The density and pressure near the surface of the 
planet are vital factors in determining the 
terminal descent and landing. The configuration 
of the entry vehicle may also be dictated by these 
factors . 

3. The chemical composition of the atmosphere 
determines to a large extent the radiative 
heating experienced by the entry body. It may 
also significantly affect radio communications 
during entry. 

It is thus evident that (1) density structure, surface pressure, 
and composition are key factors in entry analysis and (2) values 
of these parameters are widely different for the models shown in 
Figure 1. 

Since little reliable data exist on which to base a 
scientifically accurate model, most of the existing models differ 
due to varied interpretations of the limited data. It therefore 
becomes exceedingly difficult to settle on any one model for the 
Mars atmosphere. Until more definitive data become available, 
it seems appropriate to develop models which represent reasonable 
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extremes and to conservatively design entry capsules to cope with 
these extremes. Accordingly, the atmosphere models presented 
herein were developed on the basis of current information to produce 
reasonable extremes in composition, surface pressure, and scale 
height. The development of these models was strongly influenced 
by the recent disclosures of Kaplan et al (Ref 1) , and Kuiper (Ref 2) 
concerning the surface pressure and composition of the Mars 
atmosphere . 


Calculation Procedure 

Three models of the Mars atmosphere have been developed - two 
extremes and a mean. These models were generated by a computer 
program in use at the Manned Spacecraft Center. In principle, 
the temperature profile, the surface pressure, the composition, 
and the acceleration of gravity at the planet’s surface were 
specified. The values of density, pressure, speed of sound, 
density scale height, mean free path, viscosity, and kinematic 
viscosity were calculated using the expressions in Appendix B. 


The inputs to the computer program for the three models were 
as follows: 


Model 1 Model 2 Model 3 


Surface Pressure, mb 
Composition, % by mass C0 2 

n N 2 

Surface Temp. , °K 
Troposphere Lapse Rate, °K/km 
Stratosphere Temp., °K 
Top of Stratosphere, km 
Thermosphere Lapse Rate, °K/km 
Surface Gravity, cm/sec^ 


40 

25 

10 

7 1/2 

16 

60 

92 1/2 

84 

40 

300 

250 

200 

-3.64 

-3.89 

-4.55 

260 

180 

100 

150 

150 

150 

2 

2 

— ~ — 

375 

375 

375 


It should be noted that the pressures and compositions* quoted 
were derived from the same set of scientific measurements (Ref 1) ; 
however, the values given for the temperature structure were 


'"The pressures of various constituents listed in Table 2 of Reference 
1 are referred to in that paper as partial pressures even though 
it was made clear in the discussion of equation 11 of that paper 
that this partial pressure is the weight of a constituent in the 
atmosphere per unit area, and thus represents the mass density of 
the gas rather than the number density. For convenience both mass 
and volume compositions are listed in Table I of the present 
report . 
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derived independently from the literature. Combinations of 
pressure-composition data with temperature structure data were 
arbitrarily chosen to produce extreme models. For example, com- 
bining the highest surface pressure with the temperature structure 
giving the highest temperatures produces a model with the maximum 
pressure and density for any given altitude, and of course, a 
model with the maximum scale height — this is labeled maximum or 
model 1. It should be emphasized in choosing the inputs to the 
computer program that there is no physical basis for any correlation 
between surface temperature and surface pressure. 

The surface pressures were based on the work of Kaplan, et al 
(Ref 1) . Recent analysis by Kuiper (Ref 2) gives values of 
surface pressure in close agreement with the lower pressures pub- 
lished in Reference 1. 

Although the evidence on chemical composition is not con- 
clusive, it is generally agreed that carbon dioxide is the only gas 
detected in large quantities in the Mars atmosphere. The values 
given for carbon dioxide were taken from Reference 1. For the 
purposes of determining values of molecular weight and other con- 
stants required in the calculations, it is assumed the remainder 
of the gas is nitrogen. It is recognized that other gases such 
as argon (Ref 1) , oxides of nitrogen (Refs 7 and 18) , water vapor 
(Refs 1, 3, 8, 9, and 13), and oxygen (Ref 1), to name a few, may 
be present, but these quantities are probably small. 

The surface temperatures chosen are representative of those 
given in the current literature and bracket known seasonal, 
diurnal, and latitudinal variations (Refs 4, 5, and 6). The lapse 
rates quoted for the troposphere are the dry adiabatic lapse rates 
for the compositions given for specific heats based on the average 
temperature in this region. The stratosphere temperatures given 
are representative values drawn from the current literature 
(for example, Refs 16 and 17). The height of the base of the 
thermosphere was based on values given by Goody in Reference 10. 

The thermosphere lapse rate was based on a representative value 
given by Vachon (Ref 11) . The acceleration of gravity used is a 
representative value given in the literature (Refs 12 and 16) . 
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PRESENTATION AND DISCUSSION OF 


ENGINEERING MODELS 


The proposed engineering models of the Mars atmosphere 
are presented in both tabular and graphical form. Summarized 
in Table I are the values of the primary parameters which 
characterize each model. The model atmospheres are presented 
in Tables II, III, and IV in both metric and english units. They 

are presented in terms of eight variables as a function of 

altitude in increments of one kilometer from the surface to one 

hundred kilometers; in increments of ten kilometers from one 
hundred to one thousand kilometers; and in increments of fifty 
kilometers above one thousand kilometers. Calculations and 
listings for these three tables were arbitrarily terminated at 
altitudes where the density fell to 10-14 gm/cm^ since densities 
of this order or less are of little interest in entry analyses. 

The values for the reduced collision integral [^ v ’ ' ] 

(Ref. 19) used in the calculation of the viscosity and the kine- 
matic viscosity are not valid above temperatures of 300°K," thus 
values of viscosity and kinematic viscosity do not appear in the 
tables for altitudes corresponding to temperatures above this 
ambient value. 

Profiles of temperature, pressure, and density are illus- 
trated in Figures 2a,b,c. Figure 2d shows the three density 
profiles normalized to earth sea level density. 

Figure 3 shows how these three models compare with previous 
models of the Mars atmosphere. The major differences between 
these models and previous models of the Mars atmosphere are 
the surface pressures and atmospheric compositions that were 
assumed. These new lower surface pressures cause the density at 
any given altitude to be lower than those given in previous model 
atmospheres,* however, it should be noted that a minimum surface 
density using the parameters selected is not included in these 
models. From Figure 3 it can be seen that the maximum and minimum 
scale heights remain essentially unchanged. 

If a surface pressure of 10 millibars is combined with a 300°K 
surface temperature, a density of 50% less than that shown on 
model 3 would be derived. This atmosphere for use in terminal 
descent calculations is discussed in Appendix D and is shown in 
Figure 4 . 
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It should be noted that in calculating the foregoing results 
the variation in gravity with altitude was included. When the 
atmosphere is relatively deep compared to the planet's radius, 
as it is in the case of Mars, then this variation of gravity can 
be important in determining the pressure and density structure over 
an extreme range of altitude. However, for many entry calculations 
it is only the lower atmosphere structure for a relatively small 
range of altitude that is important; hence assumptions of constant 
gravity for calculation of atmosphere structure should not intro- 
duce significant error. For this case, simple analytic expressions 
for the density structure in the troposphere and stratosphere 
regions can be derived from the basic equations of Appendix B. 

Since such expressions are often convenient to use in machine 
programmed entry calculations they are presented in Appendix C 
together with the pertinent constants for the three Mars atmos- 
pheres. Models were calculated using these expressions. When 
plotted to the scale of Figure 2c the results are essentially 
coincident with those obtained using variable gravity. 

The proposed atmosphere models should be useful in mission 
analysis and design studies provided proper consideration is 
given to their limitations. As stated previously, it was 
assumed (primarily for the purpose of calculating pressure and 
density profiles) that the chemical composition was limited to 
CO 2 -N 2 mixtures. Although argon has never been detected in the 
Mars atmosphere, Kaplan et al (Ref. 1) reason on the basis of 
abundance arguments that argon may be present in significant 
amounts. The presence of argon would have little effect on the 
density and pressure profile; however, it may importantly affect 
the plasma sheath surrounding a vehicle during entry, hence affect 
radiative heating and radio communications. In contrast, the 
assumed temperature profile directly affects the scale height and 
density profile. Temperatures near the surface of Mars are 
believed to be relatively accurate. Temperatures in the isothermal 
or even the assumption that an isothermal region exists are not so 
reliable. Due to these uncertainties quite extreme temperatures 
were chosen for the maximum and minimum profiles. It is reason- 
able to expect then that the density profiles and scale heights 
for the three atmosphere models will encompass the profile 
and scale height for the real Mars atmosphere. Despite these 
shortcomings, it is recommended that these models be accepted as 
a tentative standard until more definite data are available on 
the Mars atmosphere. 
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CONCLUDING REMARKS 


The engineering models of the Mars atmosphere presented in 
this report are based on the latest data on the Mars atmosphere 
known to the authors. They have been developed to represent 
reasonable extremes of the Mars atmosphere for entry analysis. 

It is therefore recommended that these models be used in any further 
NASA-sponsored analyses of Mars atmosphere entry. 

Designing entry vehicles to the worst combination of con- 
ditions described by these models unfortunately leads to design 
compromises and weight penalties. It is evident that additional 
scientific data on the Mars atmosphere are needed to eliminate 
the need for these compromises and the attendant weight penalties. 
When improved observational data are obtained that significantly 
reduce the Mars atmosphere uncertainties, the models presented 
herein should be revised. 
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APPENDIX A 


a 


Cy 



m 

N 

P 

r, 

R 

T 

X 

Z 


Y 
d 

V 

p 

p 

ref 

cr 

a 

$ 

q ( 2 , 2 )» 

Subscripts 
i, 3 
mix 
o 

strat 

0 


LIST OF SYMBOLS 
speed of sound 

specific heat at constant pressure 

specific heat at. constant volume 

local acceleration of gravity 

density scale height 

mean free path 

molecular weight 

Avagardro’s number 

pressure 

planet radius 

Universal gas constant 

temperature 

mole fractions of gas 

height above the surface 

ratio of specific heats 
kinematic viscosity 
viscosity 

number of gas components 

density Z 

~ fT~ 

reference density (p = p . e P) 

rsx 

average effective collision diameter for gas mixture 
zero energy collision diameter for a gas 
coefficients for calculating viscosity 

reduced collisional integral 

components i and j of a mixture 
entire mixture 
denotes surface condition 
denotes stratosphere condition 
earth 
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APPENDIX B 


SUMMARY OF METHOD OF COMPUTING MODEL ATMOSPHERE PARAMETERS 


The results presented in Tables II, III and IV were calculated 
using the inputs from Table I and the equations presented here. 

The calculation of atmosphere parameters was based on a numerical 
integration of the hydrostatic equation: 


dp =-g pdZ 


The following assumptions were contained within the integration: 

(1) Gravity varies as: 



(2) The gas mixture follows the perfect gas equation 
of state: 



(3) The temperature varies with altitude by a series of 

constant lapse rates (depending on the altitude range) 
as illustrated by Figure 2A. 

With p, p and T thus determined as functions of altitude, the 
following additional quantities may be computed: 

1/2 

Speed of Sound a 


Density Scale Height H p 


[y- t] 

L 'm J 
RT 

ST 

mg + R§£ 
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APPENDIX B (Continued) 


Mean Free Path 


L = 


RT 

2* /2 rr% 2 p 


Viscosity (for the mixture) p, 


v ^ 


mix - £ v x s 

i=l 1 + JJ i. . 

j=l x i 




where 


i,j‘ 


« !/2 m 1/4 

Hj m . 

1 + <77^) <;r> 

W J ”i 

m. 1/2 


2/2 (1 + - L ) 
m j 


i p, 6 

x 10 


26.693 


/mT 

( 2 , 2 )* 

0 


(2 2 ) * 

(Values of n ’ were obtained 
from ref. 19) 


Kinematic Viscosity 


r\ = m/p 


APPENDIX C 


ANALYTIC APPROXIMATIONS TO THE ENGINEERING MODELS 


If the acceleration of gravity is assumed constant, then 
analytic expressions can be written for the density variation with 
altitude in the troposphere and the stratosphere regions. For 
the troposphere, the density is given by 


1 



where 


r 


mg ( 
- ~ TT K 


Y-l 


) 


For the stratosphere, the density is given by 

-Z/H 


P p ref e 


strat 


where 


J ref ~ p o v T 


( 


strat 


1 

Vi 


,v*r 


( T 


- 1 ) 


strat 


RT 


and 


H 


strat 


strat rag strat 


Values of the parameters in the above expressions chosen 
to represent the engineering models are as follows: 
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APPENDIX C (Continued) 


Parameter 

Units 

Model 1 

Model 2 

Model 3 

Molecular wt., m 

— 

28.8 

29.7 

35.8 

Acceleration of 





gravity, g 

Troposphere (Value @ 

cra/sec^ 




surface) 

375 

375 

375 

Stratosphere (Value @ 





Z=75 km) 


359 

359 

359 

Universal gas con- 

m 2 /sec 2 °K 




stant, R 

8315 

8315 

8315 

Ratio of specific 
heats, y 

Troposphere lapse 

— 

1.4 

1.4 

1.4 

rate, r 

°K/km 

- 3.64 

-3.89 

-4.55 

Surface density, p Q 

gm/cm 3 

4.62xl0- 5 

3.57xl0“ 5 

2 . 15x10“® 

Reference density, P re j» 

gm/cm 3 

5.28x10-5 

5.69x10-5 

1.09xl0“ 4 

Surface temperature, T Q 

°K 

300 

250 

200 

Stratosphere 





temperature, T gtrat 

°K 

260 

180 

100 

Density scale 





height, H 

P strat 

km 

20.9 

14.0 

6.5 



APPENDIX D 


AN ATMOSPHERE MODEL FOR TERMINAL DESCENT CALCULATIONS 


An alternate model atmosphere for use in the design of a 
retardation system for terminal descent may also be postulated. 
This model is generated by substituting a surface temperature of 
300°K in place of the 200°K surface temperature in model 3 and 
keeping the same surface pressure and the same composition. The 
result is a model that has a higher atmosphere density at 
altitudes above 15 km, but at altitudes below 15 km the atmos- 
phere density is lower than that of model 3 (see Figure 4) . 
Equations are given below for the density in the troposphere and 
stratosphere regions in both metric and english units. These 
were obtained by substituting the appropriate values in the 
equations of Appendix C. 


Metric Units 

Troposphere region (below 46 km) 

p = 1.44 x 10 -5 (1 - 0.0145 z ) 2 ” 50 gm/cm 3 


Stratosphere region (above 46 km) z 

p = 8.64 x 10 ^ e ^ gm/cm 3 
(note Z is in km) 


English Units 

Troposphere region (below 150,900 ft) 

- -2.50 

p = 2.79 x 10-° (1 - 4.41 x 10“ to Z) slugs/ft 3 

Stratosphere region (above 150,900 ft) 

p = 2.0 x 10“ 3 e 21 ’ U0 ° slugs/ft 3 
(Note Z is in ft) 
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TABLE OF ATMOSPHERES FOR FIGURE 1 


1. Rand Report, Rm-2782-JPL (June 1961) 

Model Atm. I (Max) 

(convective equilib, throughout atm.) 

2. Manned Spacecraft Center Model II 9/25/63 

3. Rand Report, Rm-2782-JPL (June 1961 
Model Atm. II (Max) 

(convective equilib. to tropopause + 
conductive equilib. above) 

4. Rand Report, Rm-2782-JPL (June 1961) 

Model Atm. Ill 

(conjectural atm.) 

5. Rand Report, Rm-2782-JPL (June 1961) 

Model Atm. I (Min) v 

(convective equilib. through atm.) 

6. Douglas Report, Sm-44552 (August 1963) 
Pressure Profile No. 8; M - 28.0 

7. Douglas Report, Sm-44552 (August 1963) 
Pressure Profile No. 6; M = 28.0 

8. Rand Report, Rm-2782-JPL (June 1961) 

Model Atm. II (Min) 

(convective equilib. to tropopause & 
conductive equilib. above) 

9. Manned Spacecraft Center Model II 9/25/63 
Lower Limit 90%N 2 -10%C0 2 

10. A Note on the Upper Atmos, of Mars 
(August 1963) J. of Geophysical 
Research (G. F. Schilling) Vol. 68, No. 16 
Extension of Model II Atmos. (Max) 

11. A Note on the Upper Atmos, of Mars 
(August 1963) J. of Geophysical 
Research (G. F. Schilling) Vol. 68, No. 16 
Extension of Model II Atmos. (Min) 

12. JPL Atmosphere "N” (Nov. 1963) 

38.3% C0 2 -61.7% N 2 


p Q - 132.6 mb 

p Q = 132.6 mb 
p Q = 132.6 mb 

p Q = 85.125 mb 

p Q = 41.04 mb 

p^ = 162 mb 
p Q = 85 mb 
p Q = 41.04 mb 

p Q = 41.04 mb 
p Q = 132.6 mb 

p Q = 41.04 mb 

p Q = 15.0 mb 


18 





ALTITUDE (Km) 
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MODELS OF THE MARS ATMOSPHERE WITH 





TEMPERATURE (°K) 


ALTITUDE Vs TEMPERATURE 


WITH MODEL 3 






TABLE I - SUMMARY OP STANDARD MODEL ATMOSPHERE PARAMETERS FOR MARS 


Maximum .Mean Minimum 


Parameter 

Units 

(Model 1) 

(Model 2) 

(Model 3) 


mb 

“40 

25 ~ 

10 

Surface 

Pressure 

lbs/sq.in. 

0.58 

0.363 

0.145 

Composition 

C02% by Mass 

7.5 

16 

60 


N 2 % by Mass 

92.5 

84 

40 


C02% by Volume 

4.9 

10.8 

48.8 


^ 2 % by Volume 

95.1 

89.2 

51.2 

Molecular 

Weight 

— 

28.8 

29.7 

35.85 

Acceleration 

n 

cm/sec^ 

375 

375 

375 

of gravity 
at surface 

f t/sec^ 

12.3 

12.3 

12.3 

Surface Temp. 

°K 

300 

250 

200 


Or 

540 

450 

360 

Troposphere 

°K/km 

-3.636 

—3*89 

-4.55 

lapse rate 

°R/103 ft 

-1.995 

-2.134 

-2.496 

Tropopause 

km 

11 

18 

22 

altitude 

ft 

36,100 

59,100 

72,200 

Stratosphere 

°K 

260 

180 

100 

temp . 

°R 

468 

324 

180 

Top of 

km 

150 

150 

150 

stratosphere 

ft 

492,100 

492,100 

492,100 

The rmosphe re 

°K/km 

2 

2 


lapse rate 

^/lO^ft 

1.097 

1.097 

— 

Surface 

gm/cm 3 „ 

4.62x10-5 

3.57x10-5 

2.16xl0~ 5 

density 

slugs/ f t^ 

8.97xl0- 5 

6.94x10-5 

4.19x10-5 
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.TABLE II 


NASA MARS ATMOSPHERE 
MODEL 1 
(Maximum) 
English Units 


Altitude , 

ft x 10 “° 

Temperature 
° R 

Pressure 

lbs/in z 

cr\ 

£ 

(0 

bo 

-P rH 
•H W 
CO 

rj 

2 ! 

TO 

O 

(0 O 
09 
03 

-P 
T3 4-H 
<D 
Q) 

Density scale height 
ft x 10 “° 

Kean free path 
ft 

Viscosity 
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NASA MARS ATMOSPHERE 
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1 . 1 E 
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340 

560.0 

3. 76E-07 

5.596-13 

469. 

42.9 

l .4E 

04 
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580.0 

7 . 22c -0 7 

4.456- L3 

477. 

44.6 

l .8E 

04 
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6 00.0 

5.99E-07 

3.576-1 3 

485. 

46.3 

2. 3E 

04 


370 

6 20.0 

5.01E-07 

2.39013 

49 3. 

40. 1 

2 . bfc 

04 


380 

640.0 

4 .22E-07 

2.356-13 

501 . 

4 9.9 

3 . 4 E 

04 
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660.0 

3.57E-07 

1.936-13 

5 09. 
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4.2E 

04 
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5.0E 

04 
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04 
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7.26 

04 
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59.0 
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l -OE 

05 


450 

780.0 
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l .000 07 

4.275-14 

574. 

68.4 
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05 
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05 
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05 
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90 . 5 
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05 
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1.038-01 
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